UK Patent Application (,9,GB „«2 358438 ,,3, A 



(43) Date of A Publication 25.07.2001 



i£ If 




19 1 1 


INT CL^ 

F04C 18/02 


(22) 


Date Of Filing 18.01.2000 










(52) 


UK CL (Edition S ) 

F1FFD FEQ FEW F1A7 






(71) 


Applicant(s) 








Air Squared Inc 


(56) 


Documents Cited 




(incorporated in USA - Ohio) 




GB 2002455 A EP 0728947 A1 US 4477238 A 




7014 Rock Springs Drive, Hamilton, Ohio 45011, 




US 4457674 A 




UnKed States of America 




(72) 


Inventor(s) 

Robert W Shaffer 


(58) 


Field of Search 




UK CL (Edition R ) F1F FAA FD FEQ FEV FEW 
INT CL^ F01C 1/02 , F04C 2/02 18/02 








Online databases: EPODOC, JAPIO, WPI 


(74) 


Agent and/or Address for Service 
Edward Evans & Co 

Clifford's inn. Fetter Lane, LONDON. EC4A 1BX, 
United Kingdom 





(54) Abstraa Title 

Multi-stage scroll pump or compressor 



(57) A multi-stage scroll compressor, or vacuum pump, 
has a housing which encloses fixed and orbiting scroll 
plates, each having a continuous involute wrap 109, 111 
of constant width and pitch. Each wrap 109, 111 has an 
outer section 109a, 111a which is at a different height (ie 
either taller or shorter) than an inner section 109b, 111b, 
providing different percentage changes in pressure 
across chambers defined by the outer and inner wraps. 
An inlet port 121 functions as an inlet to the outer 
chamber, a mid-port 122 is both the outlet to the outer 
chamber and an inlet to the inner chamber, and a central 
port 123 is the outlet from the inner chamber. The 
mid-port 122 can be used to bypass one or other of the 
outer or inner chambers, or it may be closed to connect 
the two chambers in series. 
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lyniLTI-STAHE SCROLL rOMPRESSOR 



This invention relates to scroll compressors, and in particular to a multi-stage scroll 
compressor having more than one discharge pressure, and which can operate as a compressor 
or as a vacuum pump. 

Many pneumatic applications require combinations of discharge pressures. Such 
combinations include, for example, pressure and vacuum, pressures at two or more discharge 
pressures, and higher pressures requiring two or more stages. Applications where such 
combinations are currently required include pneumatic controls for heart baUoons which 
require pressure and vacuum, and refrigerant recovery systems which require high pressures 
for the recovery of re&igerant and a vacuum for evacuating the reftigerant system before 
charging of the system. In systems which require high pressures, such as refrigerant recovery 
systems, it is generally beneficial to have a two stage compressor and a vacuum pump. 

It is presentiy common to separate the compressor and vacuum functions. For 
example, a separate compressor and vacuum pump are used in refrigerant recovery. One is 
used to recover the refrigerant and another unit is used to evacuate the system. The pneumatic 
controls for heart balloons include a compressor mounted to one end of the motor and a 
vacuum pump mounted to the opposite end. The compressor will then fill the balloon and the 



compressor wiU deflate the balloon. In multi-stage applications, more than one pumpin|| i4it 
is typically employed. 

The use of two units adds cost and complexity to devices, such as those noted 
It would be beneficial if the two functions could be incorporated into a single device. 
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A scroll of the present invention can be operated as either a vacuum pump,,£ 
pressure compressor or a high pressure compressor. The scroll includes a housing, li 
scroll plate having a continuous fixed involute wrap and an orbiting scroll plate hav: cig 
continuous orbiting involute wrap. The wraps are of constant width and pitch. The fixjjd add 
orbiting scroll plates are mounted in the housing with their involute wraps extending ijo vaid 
each other to define a series of chambers. The fixed involute wrap and orbiting involui:?;; tirab 
each have at least a first section of one height and a second section of a second di^fi-ei t 
height. Additionally, the scroll includes a first port proximate a peripheral edge bl 
housing, a second port proximate the center of the housing, and at least one mid-port; tlit|j 
port being located proximate the change in height between the first and second sections o 
involute wraps. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is a sectional view of a multi-stage scroll-compressor of the present invenliic n: 
FIG. 2 is a sectional view of the scroll-compressor taken along line 2 — 2 of FIG. 1 
FIG. 3 is a sectional view of a second embodiment of the scroll-compressor; and 
FIG. 4 is a sectional view of the scroll-compressor taken along line 4 — 4 of FIG. 3 
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Corresponding reference numerals will be used throughout the several figures of the 
drawings. 

The following detailed description illustrates the invention by way of example and not 
by way of limitation. This description will clearly enable one skilled in the art to make and 
use the invention, and describes several embodiments, adaptations, variations, alternatives and 
uses of the invention, including what I presently believe is the best mode of carrying out the 
invention. 

The scroll-compressor 1 includes a housing 3 which encloses a fixed involute plate 5 
and an orbiting involute plate 7, Each plate includes an involute wrap 9 and 11, respectively. 
As seen in FIG. 2, the wraps 9 and 11 are continuous spirals. However, the wraps are 
dividable into outer sections 9a, 11a and 9b, 1 lb. The outer wrap sections 9a and 11a have a 
different height than the inner wrap . sections 9b and lib. As shown in FIG. 1, the wrap 
sections 9a and 11a are taller than the wrap sections 9b and 1 lb. The wrap sections 9a, 9b and * 
11a, lib are continuous. That is, there is no break between wrap section 9a and 9b or 
between wrap section 11a and 1 lb. Additionally, the wall thickness and pitch is maintained at 
a constant desired thickness and pitch throughout the entire length of the wraps 9 and 1 1 . The 
scroll-compressor includes a pair of ports ^22 at the diameter where the change in height 
occxirs. Thus, the only dijBference is that the outer wraps 9a, 1 la define chambers 15a which 
are taller than the chambers 15b defined by the inner wrap sections 9b, 1 lb. 

As seen in FIG. 1, the orbiting involute plate 7 includes a generally flat plate 17 from 
which the wrap 9 extends. The fixed plate 5, on the other hand, includes an outer annular 



section 19 and an inner section 21, from which the wrap sections 9a and 9b depejK 
respectively. The two sections 1 9 and 2 1 of the plate 5 are spaced axially from each ot i 
FIG. 1, to accommodate the shorter wrap sections 9b, the inner section 21 of plate 5 is 
closer to the orbiting plate than is the outer section 19. Thus, as noted above, tb 
chambers 15a are taller than the inner chamber 15b. Therefore, the percentage clii 
pressure between the entrance and exit to the outer wraps is less than the percentage (5(1; 
the pressure between the entrance and exit to the inner wraps. 

The scroll compressor 1 includes three sets of ports. It has inlet ports 2:1 
entrance of the outer wrap sections 9a and 11a, mid-ports 22 at the change between 
sections (i.e., where the wrap height changes), and outlet ports 23 at the center 
compressor. The mid-ports 22 are the exit from the outer section and the entrance to 
section of the involute wraps. 

The scroll compressor 101 shown in FIGS. 3 and 4 is just the opposite of 
compressor 1 of FIGS. 1 and 2. In the scroll compressor 101, the outer sections 109<^, 
wraps 109 and 111 are shorter than the inner sections 109b and 1 1 lb. It also has tht^< 
an inlet port 121, a mid-port 122, and a central outlet port 123. The inlet port 121 ii; 
to the outer section of the compressor; the mid-port 122 is both the outlet to the outijr 
and the inlet to the inner siection, and the central port 123 is the outlet from the inner $\ 

The pressure ration of the inner and' outer sections of the compressors 1 anci; 
independent of each other, and are determined by the number of spiral wraps in eac^a 
The only requirement is that the discharge (or outlet) pressure of the outer section b<j, 
the inlet pressiire of the second (or inner section) or stage. 
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Thus, if the scroll-compressor were to be operated as a combination pressure and 
vacuum pump, the inlet 121 of compressor 101 (FIGS. 3 and 4) would be connected to a 
vacuum source; the mid-port would be open to the atmosphere; and the outlet or discharge 
port 123 would be coimected to a pressure source. 

If the unit were to be used with refrigerant recovery where displacement is relatively 
low, but the pressure ratio can be high, the outer stage would be bypassed and only the inner 
stage would be used for recovery. Thus, the mid-ports would be xised as the inlet to the 
compressor. For system evacuation, the outer stage, which has a large displacement would be 
used for achieving a rough vacuum quickly and the iimer stage would be by-passed. To 
achieve higher vacuums, the outer and inner stages would be connected in series by closing 
the mid-port. This would result in a two stage vacuum pxmip. 

As can be appreciated from a review of the foregoing specification, the scroll- 
compressor of the present invention produces two different compression processes on the 
same scroU. This is facilitated by the mid-ports 22 and 122. The provision of the mid-ports ^ 
22 and 122, in association with the involute wraps 9, 11, 109 and 111, allows for a single 
scroU to be used as a vacuum pump, a low pressure compressor, or a high pressure 
compressor, depending on how the outer port, mid-port, and inner port are utilized. 

In view of the above, it will be seen that the advantages of the present invention have 
been achieved and other advantageous results have been obtained. As various changes could 
be made in the above constructions without departing from the scope of the invention, it is 
intended that all matter contained in the above description or shown in the accompanying 
drawings shall be interpreted as illustrative and not in a limiting sense. Although only two 
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stages are shown, more stages could be employed. Thus, the scroll compressor c<iu.l 
three, four or more stages. There would be a mdd-port for each stage, to allow for lyaitous 
stages to be by-passed, connected in series, or open to the atmosphere, as may be de:nrfe!d for a 
particular function. 
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CLAIMS: 

1. A scroll which can be operated as either a vacuum pump, a low pressure 
compressor or a high pressure compressor; the scroll includiag a housing, a fixed scroll plate 
having a continuous fixed involute wrap and an orbiting scroll plate having a continuous 
orbiting involute wrap; the fixed and orbiting scroll plate being mounted in the housing with 
the involute wraps extending toward each other to define a series of chambers; the fixed 
involute wrap and orbiting involute wrap each having at least a first section of one height and 
a second section of a second different height; the scroll fiarther including a first port 
proximate a peripheral edge of the housing, a second port proximate the center of the housing, 
and at least one mid-port; the mid-port being located proximate the change in height between 
the first and second sections of the involute wraps. 

2. The scroll of claim 1 wherein the wraps are of constant width and pitch. 

3. The scroll of claim 1 wherein the first section of the wraps is taller than the 
second section of the wraps; the first wrap sections surrounding the second wrap sections. 

4. The scroll of claim 1 wherein the first section of the wraps is shorter than the 
second section of the wraps; the first wrap sections surrounding the second wrap sections. 
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